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ABSTRACT
Invasive alien plants (IAPs) are a major threat to biodiversity in 
South Africa’s Cape Floristic Region (CFR). Activities like agricultural 
development, the establishment of forestry plantations and 
urbanization change environments and provide opportunities for 
IAPs to spread. We examine the factors that have contributed to plant 
invasions on a privately-owned farm in the CFR. The objectives of 
the study were: (1) to determine what land-use changes took place 
that could have influenced the spread of IAPs; and (2) to document 
the patterns of spread of IAPs. Aerial photographs from 1938, 1966, 
1977, 1989 and 2004 were used to determine the types and rates of 
land-use change over time. Key land-use changes involved agriculture, 
commercial plantations, urban development and the spread of IAPs. 
The spatial analysis identified the main drivers of change. Agricultural 
development was the main land-use change driver and affected 40% 
of the study area by 1977. Areas occupied by IAPs increased with land-
use change from 8% cover in 1938 to 40% in 2004, and then declined 
to 15% in 2013 following the initiation of control operations in 2004. 
The study illustrated a clear link between human activities, changes 
in land-use and the spread and proliferation of IAPs.
Introduction
Invasive alien species are a major threat to global biodiversity and ecosystem services (Mack 
et al., 2000). South Africa has been affected by invasive species from all major taxonomic 
groups (Richardson, Wilson, Weyl, & Griffiths, 2011), but invasive alien plants (IAPs) are 
particularly widespread and damaging, especially in the Cape Floristic Region (CFR; Wilson 
et al., 2014). Both natural and socio-economic factors have promoted the establishment 
and spread of IAPs in the CFR. Natural drivers include fire, flooding and erosion, while 
socio-economic forces emerge directly from human activities (Roura-Pascual et al., 2009). 
Human activities enhance the economy of the region, but also exert pressures on the envi-
ronment by increasing the rates of introduction and dissemination of IAPs (Le Maitre, 
Richardson, & Chapman, 2004). The spread of IAPs has transformed many landscapes in the 
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CFR, where the species-rich natural vegetation has been replaced by dense stands of alien 
species of trees and shrubs (van Wilgen et al., 2016; Wilson et al., 2014). These invasions 
have many negative impacts in the CFR, including increasing transpiration losses resulting 
in reduced run-off and subsequent infiltration of water from catchments (Görgens & van 
Wilgen, 2004), modified disturbance regimes (e.g. increased fire intensity that leads to ero-
sion, (van Wilgen & Richardson, 1985; van Wilgen & Scott, 2001) and reduced biodiversity 
(Raimondo, von Staden, & Foden, 2009). Rouget, Richardson, and Cowling (2003) estimated 
that dense stands of woody IAPs occurred over 2.6% of the CFR (2290 km2).
The spread of IAPs in fragmented landscapes is a complex process, and is strongly influ-
enced by human activities, which makes long-term predictions of spread difficult (With, 
2002). Land-use change is well known to affect alien plant invasions (Hobbs & Huenneke, 
1992). The CFR has undergone significant land-use changes over the past 300 years, largely 
through the expansion of urban areas and various forms of agriculture and forestry, and 
increasingly through the transformation of natural vegetation by dense stands of IAPs 
(Latimer, Silander, Gelfand, Rebelo, & Richardson, 2004; Rouget et al., 2003).
Several initiatives have already been implemented to reduce the impacts of IAPs and to 
reduce their rate of spread. The most notable of these is the national Working for Water 
programme (WfW). WfW has invested substantial resources into the management of IAPs 
to reduce the extent of the invasion and to ensure the sustained delivery of water and the 
conservation of biodiversity (Roura-Pascual et al., 2009). Despite this investment, control 
operations have been applied to a relatively small portion of the estimated invaded area, 
and the invasions appear to have increased, and therefore remain a serious threat, in many 
biomes, including the CFR (van Wilgen et al., 2012a).
A large percentage of invaded land in the CFR is in private ownership and in 2008 WfW 
took a policy decision to phase out management operations on privately owned land, replac-
ing them with incentives and disincentives to encourage private landowners to manage IAPs 
on their property themselves. WfW’s incentives provide funding to landowners to clear IAP’s 
on their land; this includes 100% cover of labour cost for the initial clearing, 75% of the 
labour cost for the first follow-up clearing, 50% of the labour cost for the second follow-up 
clearing and 100% of the cost of herbicides for initial clearing and three follow-up clear-
ings. WfW also provides advice on clearing methods, training and management support. 
Disincentives include the enforcement of national legislation under the Conservation of 
Agricultural Resources Act (Act No 43 of 1983) (CARA) and the National Environmental 
Management: Biodiversity Act (Act No 10 of 2004) (NEM:BA), both of which hold land-
owners accountable for the clearing of IAPs on their land.
Despite the assistance provided and the need to comply with legislation, the requirement 
for private landowners to manage invasive species on their property is poorly implemented 
and enforced, if at all, and many landowners put little effort into dealing with the problem 
due to a lack of knowledge and funds. The management of widespread dense invasions on 
privately owned land requires an improved understanding of the ecological and socio-eco-
nomic drivers that led to the current invasions, how attitudes have changed over time and 
whether interventions that are currently underway are effective in dealing with the problem.
This work reports on the findings of a study that examined the factors that led to the 
major plant invasions on a privately owned farm in the CFR. The objectives of the study 
were: (1) to identify the land-use processes that influenced the spread of alien species; and 
(2) to document the invasion spread patterns.
182   J. VAN RENSBURG ET AL.
Methods
Study area
The 5332-ha study area (Figure 1) is in the Hottentots Holland Mountain Range Basin 
near the town of Somerset West in the Western Cape province of South Africa. The area 
falls within the Lourens River Protected Natural Environment and comprises privately 
owned land (including 3200  ha of the Vergelegen Wine Estate) and has a history of 
agricultural activity dating back to the early 1700s. Records on agricultural practices 
and land-use changes are available from the 1700s onwards. In 2004, Vergelegen Wine 
Estate (hereafter Vergelegen) implemented a large-scale privately funded programme 
to clear the fynbos vegetation on the estate of invasive woody plants and to rehabili-
tate the 2300 ha of natural vegetation that occurs within its boundaries. The area has 
a Mediterranean-type climate with a mean annual rainfall of 780 mm. Altitude ranges 
from 70 to 1020 m a.m.s.l.
The study area still contains large tracts of natural mountain fynbos, much of which has 
been invaded by woody alien plants. Three main vegetation types occur in the area, namely 
Boland Granite Fynbos, Shale Renosterveld and Lourensford Alluvium Fynbos (Mucina, 
Rutherford, Powrie, van Niekerk, & van der Merwe, 2014).
Boland Granite Fynbos is an endangered (with a high risk of extinction in the near future) 
vegetation type of which 45% has been transformed, mainly by vineyards, fruit and olive 
Figure 1. the study area at Vergelegen within the boundary of the city of cape town, Western cape, 
South Africa. 
notes: Dark shading indicates remaining natural vegetation (data from South African national Biodiversity institute, 2012). 
the inset shows the location of the study area within South Africa.
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orchards. This vegetation type consists of medium-dense to open tree vegetation within 
a tall, dense proteoid shrubland. Shale Renosterveld is a critically endangered (with an 
extremely high risk of extinction in the immediate future) vegetation type, 87% of which 
has been transformed by urban sprawl, cultivation and roads. Shale Renosterveld is char-
acterized by tall, open shrubland interspersed with grassy plants. Lourensford Alluvium 
Fynbos is critically endangered; more than 91% of its extent has already been transformed 
by urbanization, cultivation, pine plantations and roads. This vegetation type is a low, medi-
um-dense shrubland with a short graminoid understorey.
The Mediterranean climate and fertile soils provide suitable conditions for agricultural 
development which contributed to the transformation of the above-mentioned vegetation 
types. The remaining natural vegetation is heavily invaded by hakeas (Hakea species), pines 
(Pinus species) and wattles (Acacia species).
The study area includes the catchment of two streams; wetlands associated with these 
catchments increase the diversity of natural habitats and provide linkages between the higher 
mountain slopes and the remaining patches of natural vegetation within the agricultural 
parts of the study area. The scree slopes at the higher altitudes below the steep mountain 
cliffs support patches of indigenous forest, while the fynbos on the steep slopes supports 
a taller proteoid element. The vegetation on the flatter areas at lower altitudes consists of 
fynbos supporting a slightly different suite of species to the higher altitude slopes, and is 
conservation-worthy. A large portion of the catchment is heavily invaded with alien trees 
and shrubs.
Historical synopsis
A historical synopsis of land-use in the study area was compiled using two main informa-
tion sources. The first was personal communication with farm managers in the area, some 
of whom have worked on the property for 25 years. This information was anecdotal but 
gave a good indication of where past agricultural lands and plantations were located. The 
second source was data in the Vergelegen library; this included books and other records 
with information regarding the property, its previous owners and key developments in 
the area. Two books (‘The story of two Cape farms’ [Fraser, 1981]; and ‘The story of 
Hottentots Holland’ [Leap, 1970]) yielded useful information on the socio-economic 
history of the study area and surrounding parts and included details on Vergelegen dat-
ing back 300 years. The historical synopsis served as background for interpreting key 
land-use changes.
Aerial photo geo-referencing
Aerial photographs of the study area were available for the years 1938, 1966, 1977, 1989, 
2004 and 2013 from the Department of Land Affairs (Chief Directorate of Surveys and 
Mapping). These were used to quantify changes in land-use in the study area. The images 
were scanned into high-resolution digital format and then imported into a GIS (ARCMAP 
version 10) and standardized prior to interpretation. The geo-reference tool in ARCMAP 
was used to geo-reference the images with the 2013 satellite image as the reference, as is 
commonly necessary with scanned photographs, by correlating three or more objects from 
each image with the same object in a spatially referenced image.
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Land cover classification and assessing the rate of change
The study area was subdivided into five categories: commercial agricultural land, com-
mercial timber plantations, invaded land, natural vegetation and urban areas. These five 
categories could be clearly separated when the photographs were carefully examined at a 
range of scales due to clear differences in hue and texture. The imagery was overlaid with 
polygons to delineate different land-use categories.
Commercial agricultural land hereafter agricultural land included orchards, vineyards, 
pastures, nurseries and horticultural areas, and associated land uses such as farmsteads, 
holding areas for livestock, tracks and roads, canals and dams. Commercial forestry plan-
tations hereafter plantations included systematically planted trees (Pinus pinaster and 
P. radiata) established for commercial timber production, as well as seedling trials and 
woodlots of sufficient size to be identifiable on aerial imagery. Urban areas included areas 
of intensive use with the land covered by structures, including suburban housing, roads, 
power and communication facilities, industrial and commercial complexes, golf courses 
and smaller parcels of land (less than 1 ha) having less intensive use surrounded by urban-
ized areas.
Once the agricultural, plantation and urban land had been identified, the remaining 
natural vegetation was divided into invaded and uninvaded areas (natural areas not invaded 
by IAPs). Invaded areas were those that contained stands of eucalypts, hakeas, pines and 
wattles outside formal plantations and woodlots, whereas uninvaded land included areas 
that contained indigenous vegetation. The fact that most invasive woody species in the 
study area were trees made the mapping of the natural areas easier since there was a clear 
structural difference between invaded and indigenous vegetation in shape, hue and texture 
on acquired imagery (Richardson & Brown, 1986).
Once the land-use categories were mapped for each of the images (1938, 1966, 1977, 
1989, 2004 and 2013), a 10 m × 10 m (one grid cell = 100 m2) grid was overlaid, the geo-
processing clip tool in ARCMAP was then used to extract the category features from the 
land-use category polygons. We summed the grid cells to estimate the area of the respective 
land-use for each of the years for which aerial photographs were available to determine the 
total area covered by the various land-use categories.
Quantifying changes over time
A transition matrix is a fundamental starting point for the analysis of land change (Pontius, 
Shsas, & McEachem, 2004). We used a cross-tabulation matrix to assess the total change in 
land use categories according to two pairs of components: net change, as well as gross gain 
and gross loss. To assess change, we compared each 10 × 10 m grid cell with the same grid cell 
in the preceding data layer (e.g. all cells in the 1938 data layer were compared to matching 
cells in the 1966 data layer). We recorded whether the cell remained in the same land use 
category, or changed to another category. The 1938 and the 1966 maps were compared to 
produce a cross-tabulation matrix that shows the percentage of the landscape within each 
combination of categories. The same was done for 1966–1977; 1977–1989; and 1989–2004 
to view the changes for the full time series available.
Each map comparison produced a table with the same arrangement of rows and columns 
(Table 1). The first step was to examine the column and row totals to determine the two 
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largest categories. The diagonal entries in Table 1 show the persistence of each category. The 
persistence is used to calculate two types of change: gross gain and gross loss. The bottom 
row in Table 1 shows the quantity gained for each category and the right-hand column shows 
the category losses. The gains are the difference between the columns totals and persistence 
and the losses are the difference between two totals and persistence.
The transition matrix follows the format of Table 1, wherein the rows display the catego-
ries of time 1 and the columns display the categories of time 2. For example, the notation 
P12 denotes the proportion of the landscape that experiences a transition from category 1 
to category 2. Entries on the diagonal indicate persistence, thus P11j denotes the proportion 
of the landscape that shows persistence of category 1. Entries off the diagonal indicate a 
transition from category 2 to a different category 1. In the Total column, the notation P1+ 
denotes the proportion of the landscape in category 1 in time 1, which is the sum over all 
1. In the Total row, the notation P + 1 denotes the proportion of the landscape in category 
1 in time 2, which is the sum over all 1. The additional column on the right indicates the 
proportion of the landscape that experiences gross loss of category 1 between time 1 and 
time 2. The additional row on the bottom indicates the proportion of the landscape that 
experiences gross gain of category 1 between time 1 and time 2.
Results
Historical synopsis
In the early 1700s, Dutch settlers discovered the fertile ground that was suitable for the 
cultivation of vines and a large variety of crops in the Helderberg Basin. Large areas were 
available for grazing for sheep and cattle. Willem Adriaan van der Stel transformed the area 
from ‘wilderness’ to a highly productive farm by planting vineyards, a variety of grains, 
vegetable and flower gardens. Later he laid out orchards and orange groves and ‘enhanced’ 
his land by planting camphor (Cinnamomum camphora) and oak (Quercus species) trees 
(Leap, 1970).
In the early 1800s, the area under vines increased from 15 to 400 ha. Crops of wheat, 
oats, rye and barley yielded good returns. For almost 200 years, Vergelegen belonged to 
Dutch families who were mainly subsistence farmers (Fraser, 1981).
Vergelegen changed hands in the early 1920s, at which point the vineyards were uprooted. 
Before 1938, areas invaded by alien trees and shrubs were predominantly situated in and 
around cultivated and transformed land in riparian areas. The dominant invasive trees were 
species of Acacia (wattles) and Eucalyptus (eucalypts). Between 1938 and 1966, agricultural 
Table 1. General cross-tabulation matrix for comparing two maps from different points in time.
Time 2
Total time 1 Gross lossCategory 1 Category 2 Category 3 Category 4
time 1
 category 1 P11 P12 P13 P14 P1+ P1+ − P11
 category 2 P21 P22 P23 P24 P2+ P2+ − P22
 category 3 P31 P32 P33 P34 P3+ P3+ − P33
 category 4 P41 P42 P43 P44 P4+ P4+ − P44
 total time 2 P+1 P+2 P+3 P+4 1
Gross gain P+1 − P11 P+2 − P22 P+3 − P33 P+4 − P44
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land-use grew with the introduction of contour ploughing and the planting of grass, clovers 
and trees, and natural vegetation declined accordingly (Table 2).
The property changed hands again in the early 1940s followed by the introduction of the 
largest Jersey herd in South Africa at the time. During this period, large dams were built, 
and fruit orchards, pastures and pine trees were planted. Vergelegen Estate (Pty). Ltd and 
Vergelegen Timber (Pty). Ltd were formed in 1956, resulting in the planting of an additional 
217 ha of P. radiata (event 1, Figure 2). A large dam was built in 1973 to provide water to 
growing crops and modern and efficient irrigation methods were established. Cash crops 
were planted at large scale in the early 1970s and the property started supplying a large 
national supermarket chain with vegetables in 1975. In the period of 1966–1977, the focus 
was on agricultural development, and the management of natural vegetation was neglected, 
which led to invasion by alien trees and shrubs.
Between 1978 and 1990, the farming enterprise at Vergelegen was in a sorry state 
of neglect. Although basic infrastructure, like buildings, roads and irrigation systems, 
dams, drainage and windbreaks, existed, most of it was not suitable for a viable farming 
enterprise. Cash crops were cultivated after the second half of 1987, but production was 
limited because of inadequate irrigation systems. These were later abandoned due to poor 
economic returns. Agricultural land-use declined and the extent of invaded land increased. 
The rapid increase in the extent of alien vegetation invasion may be a direct correlation to 
land disturbance from agricultural practises. A large fire also occurred during this period 
(event 2, Figure 2).
Vergelegen was purchased by Anglo American Farms (Am Farms) in 1987 with the 
purpose of turning the property into a wine farm. Extensive soil and climate testing was 
undertaken and a plan was drawn up for the development of the area and a large winery 
was built. Suitable soils were identified and planted with vines and large portions of plan-
tations were felled at the beginning of 1988 by Cape Timbers under contract to harvest the 
remainder of the viable commercial timber. The remainder of the plantations comprised 
approximately 3–5 ha young trees (15–20 years) while the balance consisted of adult trees 
(older than 25 years) that were burnt in a large fire (event 2, Figure 2). The plantations were 
subsequently abandoned since the adult trees that burnt in the fire had no commercial 
value. Due to a lack of management, these areas became invaded; this also contributed to 
the spread of pines to the surrounding natural vegetation. After 1989, agricultural land-use 
plateaued, and the area of invaded land increased (Figure 2).
As part of the commitment of Am Farms to preserving natural and cultural heritage on 
its land, Vergelegen implemented a large privately funded project to clear invasive plants 
in 2004 (event 4, Figure 2) with the goal of rehabilitating 2200 ha of natural vegetation. The 
decision was made after the occurrence of the 1997 wild fire that covered over 2800 ha of 
the study area (event 3, Figure 2). The land-use type most affected by this fire was invaded 
land that covered 1600 ha; other land uses impacted by the fire were agriculture – 403 ha; 
natural vegetation – 650 ha; and plantations – 164 ha. After the fire, the Vergelegen wine 
business funded a small project to clear and rehabilitate 140 ha of Boland granite fynbos. 
This project was successful and in 2002 the Board of Am Farms (owners of Vergelegen) 
committed to a 10-year project to clear the remaining 2200 ha. In 2004, a management plan 
for the clearing was compiled and implemented. This led to a sharp decline in the invaded 
area and an increase in the area under natural vegetation (Figure 3). In 2009, a large wild 
fire burnt 2500 ha of the study area (event 5, Figure 2). The land use categories impacted 
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by this fire included, agriculture – 38 ha; invaded land – 570 ha; and natural vegetation – 
1800 ha. This fire burnt 900 ha of areas cleared between 2004 and 2009.
Trends in the area under different forms of land use
Large and continuous losses of natural vegetation (from 3770 to 928 ha) occurred between 
1938 and 2004, after which natural vegetation increased to 2673 ha due to the implementa-
tion of the large clearing programme on Vergelegen (Figure 3). Natural vegetation decreased 
by 29.1% between 1938 and 1977, reflecting the intent to develop the area for agricultural 
purposes, and agricultural land increased in area by 23.3% between 1938 and 1966. Natural 
vegetation experienced a net loss of 19.3% (1989–2004), while invaded vegetation increased 
by 20%. Agricultural land increased steadily from 881 ha in 1938 to 2222 ha in 1977 after 
Figure 2. changes in the area covered by invasive trees and shrubs at Vergelegen, Western cape, South 
Africa, between 1938 and 2013. 
notes: Vertical black lines indicate the date of assessment of invasions from aerial photographs. Dates of fires and other key 














Agricultural Plantations Invaded Natural Veld Urban
Figure 3. land-use changes in the Vergelegen study area (Western cape, South Africa) between 1938 
and 2013.
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which the extent of this land-use type declined to 1544  ha currently. Plantations were 
never large (at their peak reaching 306 ha in 1977; 5.7% of the study area) and this land use 
increased most between 1966 and 1977 (Table 3), but the plantations were eventually phased 
out (Table 4). The areas surrounding the study area also contained commercial plantations 
Table 3. the transition matrix reflects the probability of a land-use category staying the same or chang-
ing to another land-use category over time. 
notes: the diagonal bold and italic percentages indicate the cells that remained unchanged over the period (land-use per-
sistence). cells highlighted in blue show the percentage cover at a specific time; cells shaded in grey show the percentage 
of cells that change from one land-use category to another. Gross loss indicates the percentage of the respective land-use 
category that changed to another category during a given period. Gross gain shows the percentage of cells that changed 
to the respective land-use category.
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(P. pinaster; P. radiata) from the early 1920s, and these would have acted as an additional 
seed source for invasions by pine trees. Urban land-use areas in the study area were small, 
only appearing in 1977 and growing from zero to 246 ha in 2015.
Land-use change as a driver of invasion
A series of historical events has resulted in much of the natural vegetation becoming pro-
gressively invaded over the past 50 years (Table 4) with pines, wattles and eucalyptus trees 
being the most dominant. In the first instance, invasive trees were introduced to provide 
timber and firewood, and they spread from original plantings to the surrounding natural 
vegetation. Later, alien pasture grasses were sown, and these species also became invasive. 
Some invasive species (e.g. Acacia cyclops, A. longifolia and Paraserianthes lophantha) were 
not deliberately introduced, but arrived through other means. As agriculture expanded, 
new areas were disturbed by the creation of fields and through road and dam construction, 
further promoting invasions. Regular grazing by cattle in natural vegetation also created 
conditions that would encourage invasions. Wildfires occurred at intervals, and resulted in 
further spread and densification of the invasive stands, especially those of serotinous trees 
and shrubs (hakeas and pines) whose winged seeds are released from fire-proof cones/
follicles after fire (Richardson & Cowling, 1992). Abandoned plantations and agricultural 
lands were also very susceptible to invasions. This set of events (Table 4) provided diverse 
opportunities and mechanisms for the increase of invasions. The situation was only reversed 
when formal and coordinated control efforts were introduced in 2004.
Discussion
The CFR has lost up to 30% of its natural habitats and is still being transformed by agricul-
ture, commercial forestry and urbanizations (Roura-Pascual et al., 2009). Forestry activities 
and agriculture are important drivers of the introduction and dissemination of IAPs in the 
CFR (Le Maitre et al., 2004; Rouget et al., 2003; van Wilgen & Richardson, 2012).
This study provides the first systematic analysis of the spread of invasive trees and shrubs 
and the changes in land-use that have accompanied and facilitated these invasions on pri-
vately owned land. Changes in land use at the Vergelegen study area over 75 years involved 
transformation of 80% of the area’s natural habitat by agriculture, plantations, urbanization 
and alien plants by 2002. Analysis of historical aerial photographs was useful for quantifying 
this habitat transformation. Local knowledge helped with details regarding the extent of 
the invasion before clearing operations commenced in 2002.
Agriculture was the most significant human driver of natural habitat change in the study 
area, and 35% of the area transformed was this land-use by 2004. Socio-economic pres-
sures lead to a strong focus on agricultural development between the 1920s and the 1990s. 
These findings for the study area were similar to those for many parts of the CFR where 
agricultural development has led to significant loss in natural habitats (Kemper, Cowling, 
& Richardson, 1999).
Pine plantations formed only 6% of the land-use in the study area at the peak of this 
land-use. It is important to note that the areas surrounding the study site also contained 
pine plantations and that spread from these areas certainly contributed to invasions within 
the study area. To gain a better understanding of the importance of the neighbouring pine 
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plantations in driving the spread of pines across the study area, it would be useful to increase 
the study area size to incorporate all surrounding plantations.
The area of invaded land showed the greatest net gain over time of all the land-use 
categories and covered 40% of the study area in 2004. Alien plants that invaded the area 
were predominantly species of Acacia, Eucalyptus and Pinus. The wattles and eucalypts 
are largely confined to lower elevation areas close to rivers areas, whereas most pine inva-
sions are on higher elevation slopes. The earliest invasive stands were located around the 
Vergelegen homestead and in transformed areas (agricultural land and plantations), and 
these spread across the study area over time. Poorly managed agricultural land was prone 
to plant invasion and management neglect was the most significant driver for invasion in 
the lower elevation parts of the study area. Pine species invaded the higher slopes, spread-
ing from both the plantations within the study area and through long-distance dispersal 
of seeds from remote plantings; fires were a key driver of these invasions. Fynbos is a fire-
adapted ecosystem and alien species such as pines are well adapted to proliferate under these 
conditions. Three large fires have been recorded in the study area since the 1950s (Figure 
3); as shown in other parts of the CFR (Richardson & Brown, 1986; Rouget, Richardson, 
Milton, & Polakow, 2001), the availability of a seed source and several fires can result in the 
transformation of large tracts of fynbos shrubland into dense woodlands or forests of pines.
Urbanization had the smallest impact on invasion since only 5% of the area was trans-
formed by this land-use. However, some areas in the CFR have been heavily transformed 
by urban development, namely Cape Flats Fynbos and Blackheath Sand Fynbos (Wood, 
Low, Donaldson, & Rebelo, 1994), and this form of land-use change is a substantial driver 
of habitat loss in the region.
For conservation planning and action, it is important to be able to assess how, where 
and when future land-use change can lead to future spread of IAPs. Understanding how 
different facets of human-induced land-use change mediate the spread of invasive plants 
can help managers in applying effective prioritization to optimize control actions. The 
results of this study suggest that invasions proceed in a predictable fashion in tandem with 
human-mediated land-use changes that provide and alter seed sources and disturbances 
that are crucial drivers and dispersal mechanisms of invasions of alien trees in the fynbos. 
Fire is the dominant ecosystem processes in fynbos, and it is a major driver of invasions. 
Even in increasingly fragmented and human-modified landscapes, intense fires are the 
dominant forcing function that greatly complicates attempts to reduce the extent of alien 
plant invasions. Fires can never be excluded from these ecosystems, and the timing, fre-
quency, intensity and other features of the fire regime are essentially impossible to predict, 
and therefore to manage. Prescribed burning is potentially a valuable tool for managing 
woody plant invasions in fynbos (van Wilgen et al., 1994), but its application is becoming 
increasingly difficult in areas such as our study site where managers are reluctant to risk 
damaging human structure should prescribed burns escape (van Wilgen, Forsyth, & Prins, 
2012b). Consequently, fire is increasingly acting as a stochastic force that stimulates pro-
liferation of the invaders; more often than not, fires annul the gains made in mechanical 
clearing operations.
Successful management of large areas of dense stands on invasive trees and shrubs such 
as those that have established at Vergelegen over the past 75 years is a huge challenge (van 
Rensburg, van Wilgen, & Richardson, 2017). Knowledge of the interacting factors that have 
contributed to these invasions is of some use for planning effective management operations.
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